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coupled, atmospheric-oceanic boundar.y I ayer m,,e .

A h i ch crovides a inle station assessment ard - r e, i c.

c a.Pabi I i t " has been devel oped from independen tl y 4cor, u . rAe. c

onmediriesional oceanic and atmo.c.her i c bi 1 bounary I ye..

models. Sens itivity.v anal' yses a conducted to Cetermerlie

major d if ferences in the response o f t r, e coupI ea mo, eI

compared to those of the separate oceanic and Atm o-hc. r

models. The general behavior of tne couplen mccl I

signit icantly different from that ot the atmoz,.sC,-rer:,: .- e

alone c.er sror t term -imuI at icr, 12 to 2- S,,jr_. Owte_.

lier- a ce rtain set of] imi t e,:I co nnc-i t rs ,r.,rere -

I ioht and the 1 ift1i n condensation level i:=, -c : e
heioht of the in,.version2 large differences, mu'. cur.

e r enc r-s ce eetween the pr. e c te e'ol t o I fl u -: - r

boundar., I ayer by the ocean model and couci . m, c. . -

common! And the short term predictie at.i ty-

model in coupled form is enhanced. t<'"' -- t r "
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The abi 1 t ' to f or ecast t he e.'lu t i or, Cf C..; tt,

.e ic Ct a tmos-her i c o-undar- I ayer s i S r, e

primary concerns .t the N a ,y" s er.vi rr, men t . a : -

This is a resu 1 t of the increased as .. rere_.._ ,. t t tc-

operat i onal comman dersa cf the i mpor t arce c,, cr r-,frr, - . " .

factors in inf I uencinQ the effect iveress +. tri r ze;:- -

aric sensor. svstems and their orowir, g demand f or r & s: -

envi ronmer ta I pr edi c t i on schemes. I t h.a s be, om, e c e.r t r,-.

-an a ccur ate s, rowlI edce o f c ur.rer, t ar,d exoec te, Cr; . r .:nr ..

z n: :: -s - :-.- . be z :,n c, . he ,-e:c r. - . -

"re ou tccme ,f an. at-se. tactc a I er,.acmer t.

The perfor-m ance of .ear I yc 1 1 ci r t ar- ar, t c

e c t a - ,o-cot i c a : EC0) , at d tc c u -. i c -'." t ems i s t - c t ,: -

co ; a'i t i n i" r r- e " tTC .er C t . -c- c r -

S.,ers. s In the *tic- c her e the formar.t 1cr of , uc t . sn-n tt

trappini of EM r adi at o is . on tr rL enn. tt, .Z.-

Qradl en t of the index, of refr.ac t z ., hi ,h t a ± rc "

the t al gr adi ent of tempera tur. e UmIdt.-, arnd

pressure. The performance of EI systems i. T e, ."

sma I I sca--.le nhomoQenei t es ir the index of retrRct or, e *nu.-

to tur-bul er, ce , the w .ater. vapor content ann, tre amcur, r

aeros.ols in the layers. In the ocean the most cri t:cal

factor to the performance of sonar .ystems is tne s ,u r,.'

ii.. ° ....... ............................................. ....... . .° .•.o -o. o o ;i.
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mcioccu t oeri i~ metr:I if rcm5F o 1 ,'. ntoufl r .

Sinurtce ter zte tro r cm a re. tie :_k4c ;le er,:ere

.=,j -;= _-@ ". q' @." B :.iP 
.  

-, r, -r,-. - . - ,r@ -_., r : , " ; -.- - -

_--- .. -.. 1
*ma, occur" o'..-er timne pler ioC ,-,i c ,-* to 1:- sour-_.s '

SZxrce the r.er.crmar,,c of tre a rremert ;c r,e.z =...- "_.,- "

depends or, the detai led s tructure of ei trier the tEmc r; * -

or, oceanic boun .. ry I er . , r. eo,iora i c i im tolo'e- ;;re r -

suftficient for operational predictions ar, model s t
p

l arqe-scal w: synopt i c 1 s. a] one c t r, c, r E I m u I .

required bour, d r ay er. p rcce:,s.E Fur t hermore. e

- truc ture and evo l u t i on c + o th b o un d r. e r . t

influenced by their or,x rii t- to the a.. er---e. : -- - _ -

e.c itr actions !m ri c r oc :ura t: ZC? .T.-

trher-efor e desira br le to .,r-,ovd1ed,-i_ 1 e et ui t-. ,i tr i . ; ; -

forecasti ng changes in the bournar. -. r- Car,,Y te :C..- .r

may oacc, r e r- shor t biu t ta c t. ct-ial v s. i 4rii nic: -Ar, me

srin I,, ch -jf u I -a c cou nt Tfo r t h e c Ol cxr p r--c ~. -- -ri

that may occur.

On e dirrmen s.on a a tmci-sph eric cDaidonj et -i .I ~ n

oce can i c (Garwood. 197) boundary mel .-. v .been or

which hav,.e d em . stra..ted success in r-red i c t ir, te ' t

,f thei r res pec t i .e 1 ayer -s. The n ext stp s t

succe"ssfu 1 couple these pr.o -er, model s to be t t er. -m

the in+luence of the in ter-actior,s- at the ar--e:rter; c.-

This study i s par t of onqoi nq ef for t- in model

development and eval uat ion to pr, ovide a shi pboard bEed

1,l

.- .. I



computer a..ceci ci-abIe of- r e 1i ab c. fSr e: a r '

bc'u0lr, :Iar i. I '.r cr :cer t i CIE. B e i :. I ~* t

attempt to cc. i: e term rn.e r

(L a u~ ir, I1-S'3) dem o ns t ra t ess i cr tcatd rr, -

ne simul t t on of bcturn d arv avye r eDvI u t I cr -r .

.epra.te. urcouPI ed models and if so, under C r E

t . d-I
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iI .ElO on*QoL

A ,a- t a set consi s t ino of s imul tneou. ,-,- i ..

atmc'spher ic soundings (D avidsor et -aI . 1 E4) -emn tr

that short time-scale air-sea interactions m.a occur .J-i:c

have a .si iifi cant effect on the e,;-o I u tin o,-f the

(OBL) and atmospheric (ABL) boudary 1 aver. (F . .

Sign.ificanrt responses are e,ident:

1) The ABL depth increases from 2-,50 to 750 meter-

the 48 hour period. The changes occur over relat'..elv .,.t

i nterval s -F r ,m 2 0.. 0 00 toc, 20/0400 n d F ,:rr, vc c.-.-

21 l o3ci ca' timne . Th EL det rmis n- *

dur i nc te re::x t I'- hour. per i d.

2) The incr.e -. e i r the m ar ire Surfac . .I sr" t emoer. -t

i s irdci ca t i..'e of the en trainirmen t ofr sc'erl .'' PJrIT . .

er t r a i rmen t i pr es .umac A a c 1 r , , . I , - -; -r

increase over the same per-iod. The .speed increase, it *r.

is bel ieved to have contributed to the erosion c,!-' tjr .

mixxi n of the trar si ern t warm shaIl i,j oc ea.n therrno: .-

This mixed layer deepen i rg ever t dJr c,ed the sea R +'.

temperature by 1.5 degrees after 20/1300.

3) There is a rapid change in the AEL during the -er i:"

from 21/80000 to 21/0500 which immediately fo l owe,.,)de the ,r ..

in sea surface temperature due to wind mixing.

1L2
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Obser va t n s s uc n; tee re ca ote 0 r

a ccuc o a tmcoe s r c e e - . . :t':r_ r r , e .e .. • "

n c e s sary to tu, ., r ed i .cu , .r ;-

,of the compl ex air-sea inter.action;r-- h i ,r mu.t be ,:cz .

OLauQhl in (1582) attempted to simul ate the e'voution

data set using the same protot..-pe coupled ,r._e c,-f a

present study. His model resul ts were una- e.o duo' :!-o "

many of the detai I s,. part i cu ar 1 y the chanrices the E-

He concluded that the i nabi I I ti to accujr.te " rezrc-duce-

features of the data Let was attr. ibutat e to the h or r:.:r--

movemerit of the research vessel thr-ough the com:',

thermal structure of the C.al iorni a Cu rr ernt :-;v's.terin :r; -

the perc-d c+ data:t cl ectr c. H e Tur -,e, :"

simu I at i ors made .j, th t h e unicou p I ed ME, E:L , e- I ;r:-n.. : ."

di fference from those made wi th the coup! e,d EL-CEL 0 o.ZE

He c 1n I uded th - t u n der mos t co di t i c.rs, or e . r, - -

evc',,It I, -r, .. the c-_,upled mo,el : tte m.r-.e: -. e r

of the uJrcou.)led AeL mo-el

O'Lauhlin"s findings in hi- preli i rinar v at 4-,. h t. .

to the cur-rent sersi ti,.'i t-.. study, where t is " ter.:: --

determine under wh.a.t condi t ors the cc:,u c,,-,'e T

predict evo u ti on of the boundary s r h .ch r

si g iific.aritl v diff:er.ent -Fr om those made separ--tel tr;e

uncoupled models.

13-.'
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1 rICCEL DE:.CF I -T , O

A. THE Ai.Er INTERF,-CE

The atmospheric and ocear, i c boundary 1 avers a r.e ,or.czec

by the boundary conditions of the air-sea interfce. Te--e

boundar v,,n t i ons are thee exc har, ces of r;et

momentum, ard r adi at i or, which occur at c.r. acros-s r:

interface.

The atmospher ic boundary I aver (AE:L) c.ni-E. _t :c

mos t, turbulent wel 1r-mixed I ayer (relati ve to uDccer ir

w hich the auanti t -e c ecui..alen t r, ter ti . ,r. e'"

E c-.ec 1 , , umC i dI tv _ re cnE , zer . , -,: c .- c c. r, z t.'

The wel I -mixed 1 .ver : ten -rom the Ea ,k r ;ce

capping inversion wher-e pr-onounced changes .jums.. n trc "

prosi 0cc of tempera ture .and humi i ,,,r d -- .

Se r, si c, th e a i r h, the f r- , . QU _-,:.c ":-::

tr-oposphere is warmer and drver.. ,i t h pctenti tl zercr, er e

incr-easi rig an d humi di ty decr e..t s-i n ,. i th tiet . . - .r.7n

tur. luxes cf temper ature and humT ,t " at the r Jr

and at the level of the inversc, tend t charoe re _. -

of the wel 1-mixed quantities over time. Tur-buence a t e

i nver si on a Iso 1 eads to the er, tr-.ai rimer, t o+: r. ee tr-cc,=hc , ,h r i .

air from above, and as a consequence, the up,.,ard a rcat. ,:

the layer. Large scale atmospheric torc i ng I eads t C

subsidence. This ver. tical motion tends to l imi t cr cc ntrc.;

15
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,chanr,. e of t:.-,e .,. , cr ! + t h e 1 ri'.' r.. ,r vi .- , r r*:.- e "e .

o- a b a I arce te t'-eer: the rate of en t r a: rr E

The 1 ifting. condensation level (L I CL) Ajhich t . u _ ,::r.

temper.ature arid humidity at the surface, eterml e-

height at which moi-sture condenses w tr, r .nar r.r•aer .--

is lifted adiab.atical ly. If the LCL i. a-oe b e - -

tree inversion, the mixed laver w Il be cloud tree. " .

however, the LCL is found to be el ow t, e r,'e, rsi cc z. -

of stratus is formed, extending from the -.eg: otf tre

to the top of the mixed I a.ver',

The pr e.ers ce ot str-a. tus ir the mi xed I a,.er r: r-.-r.-,

er ec o ,r, tre r.- .R t o u.,et .on, 'ence, -re e : - . - - -.

tth t h EL ar d 0E:L o'..,er time. -. re,:e . ..e - --

sensi ti'i ty of the model to air--sea ir, teractior n '.. C ;

be ei ther a cau.se o cr a r e.u I t of stratus form.t: cr . -

or e , e the ica i o r, t s f thi. I t . -"

Like the A6,L, the oceani -c bour a yer EL

considered to be a turbulent, W.,e] 1-mixed la.- er i.:c-

separate d from the dyrami cal s tab fr.Ieiee ocear, t-e

the seasonal thermoc I in e, where the ,gr adi en t o tf m,:me." A:

arid density change abrupt I ... Eotr temcer a.ture and =_ I : r t.

are assumed to be homogeneous i n the OBL. Der; i c. r

buoyancy i- dependent upon both temper ature r, d I i ,

However, ir, this. study, temperature is considered to be the

most impor tant quanti ty, since the relative contribution of

°-"

°., . . . ,.. . - P -.o o . ,- , t .. o. -o*at-t.- ..- ... o °. ., ... . . . - . ,. . • • - . ., °°% ,"



. in t e'. S: , n i c a =r es r.- 
-r 

,r- t iT.e sc- --

-zr, , ar_  - e,' er . ' . , . .- 'Ar; -7,:.< ,d r,- _e -- -

e a--r- is x, iii i r; ne a -t tr b u -E-rc e E-ca te c in r ec- :cr

fluxes of momertum arid buoyancy at the -sur a e. .e

- combined effect of tre Sur-:Ace fiuxes is to cause : ; :'-

the surface, free convec,.tive nixirQ wil occur, The :C . .

Qerir ted downw.jar.d f I ux of more num arid the r c .c ;E

forced convective mixing may provide sufficient t r-,let U-I

kinetic enero- .TKE) to erode the ther-inocl1 ire ari ee:er,.

mixed 1laver throuQh entrai,,mert . Conver- v, h

mixed l .er will develop if tre effect of trie cur-fa..ce ux.s

i s to or oduce ret warm, r,. at the ur.f +Se .rt n - -.,:: e.:

.Zen.-s i t st r . t i ,ri .r -i , r .r '.-c- r.c r. -t Z " e::. ' -

t ,et -,r e t : -. h e a tm i sn o S c e r ic. -. f r- e d cv: " u i c r! " .Z

OE:L ,..er shor-t time scl es= can be sh own to c emon S-t r- ate

eedb A:k effet on trp PAEL that :trier.,.,. i rt r -e -'I-

0 cc - r. e C r, i -- t ee a- *r, -sure e -tru:t.re : .- -

P'SL are deoicted in Figure 2.

:, THE COUPLED MODEL

The two boundary I ayer. model were f1 r .t couC' e- d

C-O'Lau.hlir, 1982) . The combined model consist.-= of the h E e

model described bv StaQe and E:usin er. ( 1581) S ,I l i c.

modified by Davidson et al ( 1'83) -and the OEL mc& e

Garwood (1977).

',i ..-...
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E* rr r- rr CrE

-i E- .. a,.r M . .r 1 7- C-I azr

* I '..i.

e.:ei st s i n the profiiles ofthe 'Mel 1-mi xe d q ua rt ties since e

In-anio s ssme o g ,A:%'e Z En: cr::vriess -e -- T cne-

pr eaic t s t re t im e ev-c Iu txn of tncre ~el -m i qeduan r e'~

e qu Ie r, t t got enr t a ,-temperatur e V. an, s r, d e c i r

Lapse rates are assumed to remain con stt aRt eh

r; i t i a]I i Z a t i ont valI ues .Th e t ime ra te of c hano g :' "

wel 1 I-mi xed quar t t ies and thei r respect i ke jumrs at

i tnversion are given by the standard integrated ,rc. .- 7.s

rTenneKes arnd Vriendlocks. 1'?E;I)

D~J: tc f .,j)' - + :.curcre

h K £Ax/Dt) -=; h ix '.n t. k w" x ), + (W A. - iour'c

-ee xz Ar ze ra:teo t Ie qantI ty Co.'e e .r--

r;~ sjou r ce zs eq~ualI to -- Fri -Fnri.C tor x= e anrd euY

h a

z ero. tor . . n is tS ne n e rad iti> fix. Th e su zcr zct-

nd h rer te :o ur face and i rer si on ,lr,.. t

r resoec tivelvI

uI.x aeron ,,cr fa-n lcor.mulIjas ar e used to de t ermi e e.'

.u r , ae flux-es of. momenr tum sens ibl mbIe h re.a.t antd Mat err

u*I = Cd uJ

T.= Co (C0 -0)

iq Co (q -q)

*v,***-.*..] -,- .]--ixe *urt i ._-- *r....eir r ~ . . -t{ , .. ---- S... _*..- -

.. . .. . . . .**. " *= t. * } ..t - Swx . × h - -.:u - . .
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uisei sre 1 qi~e.t

(U'1A) UI

w T u.qT

where u* is t he fr i ction velIoc i ty~ t he sub c r ct r erc

deno t es t h.e sea- ur .. e *.uan ti t, and Cd a--d C- .

stabilIi ty-dependent dr ag *and exchange c'etflcientE.

The entrainment velocity parameteri: rion of Stage ;~

Busin"ier (1981) is used to close the sys"t-emrs o, eCU7 r

Th is c 1osire aBssumotxc'on i s tha t the di s-iopatr C-r t

knetic en er .y, i s a fi xi f rac t i on of t he or oduc t :r z

The long arid short-wave radiation flIuxes .Arec comc iteZ

separ~~ a Ie c,' r. Th ,o n av e nt P_ t d t:o u i n 7..

casRe Is calI c u I1* ed a~ -function of tnhe Ci Cu -Q

temperature and the eff + c t iv.e r ad iattiv.,e sy temper .tre

u si no the Stefan-Sol zmann l aw. In the ci cud-free S

net I ong wave f 1 i is cal cuI ated f rom the wa ter z, :g r -

t emper at u re pr ofilIe. The net r ad ia t ion fiuEes 47

cal cul ated at the height of the inversion and akt tre surf ;r, *

using the method (F] eaBgl e And Busi nger ,1980). of i n tegr en in:

the flux emi ssi.i tY pro i ve In the cloud-. aSe et ec t . e

sky temperature is obtained by integrating rom the c ud

torQ upward.

-~~~~~~~7 - , 7:-, 7 r ad..

.................................................-.-.ndexhage.-.fi.rt--. '"... . .

Su... . . . . . . . .. . . . . . . . . . ...d:,c o . t ..... % * *.* . . ..te f e . .... . . . . . . .



The .or t-,.,Ja..e r an 1 1 o i c E

del ta.t-EJC irnt cn iretr, . , . .-" e-: e t 7:,

i ux. .kt tr top of tr, e rrTi e, 1 r . er- ,.t..re, - .

•*at the t,o of the atmosphere and the a'.er.,e tr .n_=m .

rin each of 15 bands covering tre spe,:trurm .:rc,. .. 2 :Jm .. _

urn. The appl ication of this method i s-descr i bed ..,. F

e t -a 1 198S12

The OBL model of Garwo:,d (1977) is a one-dimens ,:n..

-sec ord order- bu I k model . I t uses the Nav i er -E t oes

equation of mo ion with the geostrophic c:r Cert ..: -

eliminated, the continuity equation., the heat equation fr.m

the f i r-st 1 aw of thermodynami ,, the c orser.a t i.r -

e,uatji n , and an an zl.vti,-tl equation : r k e N :,, .:..:

equat i on is gener ated fr,:,m tne nheat .nd . , U "

together wi th the equat i on of state, where c:onr Berv. t a r, ,

buovanc.v 1 s em Pl o,-ed asA n er eral zat i on of the c:r, s er. r:

of heat and sal t mas=s. Separate. ver tica an, hcr 1: ,ri

equations for turbulent kinetic energy -TKE) are u=.ed .i t.-

.ystem c 1 osure obtai ned by mean turbulen t fi e d model I no ,+

the vertical I v integrated equations for the indvidu.I ThE

components, p] u s inc u-si or, of the bulk bu o.,ar,,c.y and orr, er. r7.

equations.

The fl uxes of momentum, radiation, And latent a nd

•ensi bI e heat at the sea surface determine whether the moce.

"wi 11 r.eac t in the retreat (shal lowing) or, er trai rmen"
-- , . ,o. o~o

.' (deepenrinQ) mode. If there is a positive buoyancy flux as. a .. -

20 , ,... .



e' sr u~~ t r . S .1 -. Tr :4,-. e - .- - . * .-7-

4. . e -a s .r 7 r. 7 , -,,- -

,a * . - L. ....-. t . .

.. ~..r'-. '.. .. .*' , -, _- r..- t ,o.**rT :~ . -. --..
deeper. he sjurt ac e ±~ e. Eea R. Ti I i

.u r f ac e a sh a 1 ower. m i x ed I av.:er w i I1 f oz r. m z! r c; d e

.tress is rot larcge.

C. MODEL COUPLING

Couling of the atmospheric and ocean i c model

accompl ished by matching their, r espectiv.-,e 'J.. . -.

momentum, sen ible heat, Ia tent heat, and radiation a t ne

air-sea interface. The fluxes of momentum, latent heat, a nd

ensible heat are cal cu 1 ated by tie atmospher no n.-::e-

; r- ; a as. t-urctiors ... i nr e t. U :71 .

t,-h a ir-s.e a temperature Ci Tererce. Th ese J: - --

calculated at each time steo for use . ..e :k ""CSer

*8 model but arealso pased to.the oceainicmdlr-~

a tfe r i . ccrn erson ,.is t c, C Gc; n 1 . The r, e o: ;

radi ation flux for use by the oceanic mocel i s. ca a cu a te, :

tle a tmospher- c model a i -urc t i on of se s-r a -e

temperature ai d the downward fI u>:of Ioni-wa.e r.d. 1.

the inversion. The incident short-wav..'e raLdiation at the ea

surface is calculated by the del ta-Eddirgtor metd as .

discussed in the description oi the atmospheric mo:,del

The separately formulated atmospheric and oceanic .c.-e -

were originally devised to be numerically integrated usir, .,

different time steps. The atmospheric model has a time ste

21
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c- C i r.- te e 'r e ias tr e ii rc mc.ej es m c

fl t  ". ifl ti-. e c l :c , e e. te rU ,- , r ---

t rme rt~ weeE a n ra I tare z ii, TS :.'.i lie a -

accept ab a provi jed there i--.1 t t Ie ch i r se.a -e n

tem era t u r. e over . nv cr, e i cU r per. i od. The oc ean toec

L.t' cul at i crs are under ta ken or Iv -at ever-v other : rrE10

time Steoe. Fi our 3 is a sc herra t i c d- ; a r- krr, -.

cc'mput.atior, al steps in the coupled AE:L-OEL m, del.

D. MODEL INITIALIZATIGIN

Iritializatior of the atmospheric model r e,quires t -

direct I v-measur. ab I A- cuar, t i t ies cf air. terroer.;:-, tur ,o -- - -

r, um i d i =k r,d -ea ir- cR.,e te7pr.er ature, u ,J-. cUrt, i : . -

a .n ,e ou telt.. t a: , ed fr.m an a tmcorer : - - ,

Mixed 1 -aver ,.w i rids, u b s i ,- e n c a .z ri d t h e r- m -a I a. r, c M C I

z...e, t i o mu s t be :r e-c r i b e n f cr e.atc h t ime a e, ,ur - -

mc'lei ui and mui t . :bta r% ed iT mea; cther- ,r, 1 e

me a-su r- ement, such as I arce -c a - no-rc, t i c -r.-

PcCur aite cr-edi c_ t i or, of s.osi d r -en mav be ;art c .

di-ffxcul t to ,,bta ir. Gl e s c, n 1i n..ed. eer me

-for. pr ed i ting subsidence. He f ou n d tha ev e h e -c-

accurate method suffered frorr a I arge standard de, ...

The a tmo_.oher i c model i s ver- serisi tve t C, ub I de.

v .- r i a. t i o r,.

The oceanic model requires temperature, E.alI ir. i tv*, _. --

yel oc i ty pr-o i 1 es for initial ization . In most cases or v a

• -., . - . .- ." .- -

. * '



* *, ..o ,.,. . . . . . ... 4 r Y .. . .- . . - ...

•~ 
..

tem ,er. etur -e:r- l o i- r- ir e! .., * .- r1 u z. s- . - .. . .

cr, e t i . :: se - c r bl o" zi r cb1sr ,: e - s .. ,

Dr o- I es may, be Bset c onr;stanrjt ii th zetr n I tn

effect or the model 's predictI'e abilit,. v ,om ee :

of quanr ti ties r-equired for- mo el ini tial iaticr ::--. onr

T abl I.

23
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Figure 2a. Idea iized derflt, , anid near, v elocit-yro
the ocean mix~ed l aver-. Regi on I is-. th'e I
t ur-bulI ern t m ix ed I -k ver. . eci i nr
er. Ir a 1 nri, ::re z-- cl r

Ymaq/az aea

UI-

FiQ rC 2b. A4ssumed pro iIes of temper atur e (CO and humz di t.
(.q) and their a-=sumed orofiles.
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L'st ,:f uantities Peauired to Ini ti. k 1 z e :.:

ABL MODEL:

Observed Ou .n t i t i es
Time of Observation (Start)
Jul ian Day ( JDA'V:,
Latitude (LAT)
Initial Inver-sion Height (Z±)
Sea Surface Temperature (SST)
Mixed Layer Potential Temp (TH)
Jump in Potential Temp at Inversion (CTH,
Pc'ten t i al Temp Lacse bc.-."v'e IrerslI onr TH[ .

Specific Humidity in the Mixed La e (QF.
Specific Humidity. Jump at the inversion ,.,-
Specific Humidity Lapse Rate Acove Inver.:or, tE.1,..

Prescribed Quantities
Subsidence (L,,js,
Thermal Avec t ion (, DT)
Mioisture ,'.-' __ -,"n.i L-L;. - ..N i s j :5Q~if c U C; 7

QEBL t.1C0[:EL : :

Temperature Prof+ i e
Mixed Layer Depth (H)
Jump at the Base of the Mi-<ed Layer (DTO)
Gr adient fBe c,.J the Layer (DTOC;2>

:54 r, t.,, Prcf, i

.el oc1 t.'. Prof i I e
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-:en i ti'vi t:.! ar, 1k e vies to aetermi ne maj or- di~ ererces " "

t e r.espcnse o4 tre couple, P4E:L-OEL model versus -,.-:.S e,

the uric, up ed models ,.ere con duc ted. In the coupled mode1

the or I. ,on tr i but i:r the OE:L moel mae se. to the E m.e

is sea surf ace temperature ,.T. * hence ur,icou c i n C, , .

A2L mooe 1 S. achi eved Simpl y tr, r ough set t i no te - -

cons t r . I n c up i r, 1 acr eec 1 n t e CEL m c! e 1 L

maintain ini the atmosoher-icc val ues of temper ature., U io t.

*• r .d ori g wave r- ad i a c t i o r, tohe an t

.er,, cer .k t!r e , T,, _ .jr e, ; ,r, , . .- r- c 7

s ter-:red r, . - Ct. ci rnQ .--s :4 tr, ,cean tr.re .. e crc.r r .r. .- "

re l a t i on to a constant atmosphere. The mcorT ere tuTr ard S.;cr t

e ra di at i or, ux es ar e -r o-. d d t :, the c : r, , , ,

model in th - ame manr a sr- i h e c .l I ed "E.L-,- T:,.

The -anal v/-ses. wer, e conduc ted b- oer f,,r-m n a v -er. i e.=

model - mu I a i ins, wh er e i n each case the ccuD en _

separ.ate A:L arid OBL model . er. e ini tial zed, as .r S r

ap I icabi C '..vai th the same set :, i til c n t r a c d tc .. -r, .ra 7

prescr-i bed vari abI es of wird speed, subsidence, thermal

advection, and moisture adtec tion wer-e s'ys temratica lv ...r ed

to de term i ne c ond i t i on-s where the coupled model riesnp-,e, i
a ~significantly different manner from the separate iSL or

0SL models. Al though simulations were conducted wi th a

. . .. . . . . . . . . . . ... . .. . . ... . . ...- • .. • '.-.-.-. " "'2 ." . v.- ..".". ""-"

--- i . .. .......................... .. .. . ... .... ......... ' . . .
. . . . . . . . . . . . . . . . . . .



a r' -. e c e

...-. i t'.w ,,; ,, ,-Ah cr:,, i e= d ik rr. + od. r:: r++-e . .e:- a s o r- -c.F

-. g..yshal ow mied i .. er. tr- r -srE ' lcr , n :e :

ouesiuuent ections on er. iniia lC mied -i r  u rn

hane a irificanr t impact o: the cc upl ed model ens i C

evol 'it I onh aoi the a to'pher i,: a -er. Con eue t i r2CLr

examples preented deal primarily' with reru- t- 5r

us r only shal 1 cu mixed I a.er d.sth...

Mod el simu 1 at i orn.s were I i t i a i zed fro souj r.- - --
I .

dobtained durirng the Cooperative Experiment on Nest Ca-t

Oceano,:graphy arid Meteorolociv (Pairal 1 et a] ,, 197?) fr.om "-;-.'i .

Deptember • to 12 Octob-er 1976 (CEbl'COM-7.6) arid C-ENCC.O'H-TE,-"

( TFeirl m et a] , j9Z:) fro Om 5 to ay r  Et'o t

P r.C er Imnen ts w. ,,ereY onduc, ted ff the , sctu tnr,.- -C:;-;

cia ifornia ir the vicin t,- c:f the Ch.nnel Is rics. & : :

the initial cndi tions, for each f the model .-.rmu tati:r-e

sigi,: ._.cd n te ~e sul s t.on the n P r-ed i re c l. I u in t'-:i = j-a

a in th r 1 ts s r I aver- s

The mos t s~i'ni~ ica.nt resuI t-. of te .ra. i- e

pre.en t'ed in, tr is= ..tudy , wh-ere a -.uf fi cent numrrt',er ,:+ -n :e

-imulIat ions=- Mill be discu-ss.-ed to: . 1,:,ow tre1 lnfer ence o:f tre "

c-up led mod,-el s behaviocr w~here a i r-s-e. nr ter act cn._= h. .we -

nignifica. nt effect on the predicted ev--olutionr of the :..

•~ -tmno.-ph er i c anrd c.can c: bou ndary 7 1.avers.. ..

I-

-- C.

S .



U u:.. .- .:-7 + .r- .-- '. - . --.

Values o+ initial quarntities. held cC'rTatrt cE
CA SE S

STA5;RT JDCAY1 LAT t
.35 .0o

LCU TH( de DTH':k dcc.E e .

677e0 1.8 3.5 . 0 5

SST( deg) QP 9/k ' DoP ,',,-O.D-( Q.-Kv--Z 5

21.1 10.2 -2.4-002

CASE U10 Ws DTDT QOVV C, T '. D-.

n/s r/s d e/:,,d aY- c"a rnv d ec4 a..~

£ ~ ~.Ljc1 :-. -:.."

-. , . aa. 0 . 0 5 2f

3 50 -0 03 1.5 -10 1.5 2.0 -. F5

4 i3.0 -002i 1.5 1.0 115 ,i, -j.

5 3.0 -. 003 0 0.0 11.5 --. .0

4". 
* . ,,p



-)al i ues n+ i i kl au anlt ti es

START J DA( LAT 1

0580 140 35.0 3-)5 1.@Em

LCL T H(deQ) DiT H (deg) ETHEC, e-
316 12.0 12.7 0 CW4 7

SST(deg.' OP( 9/vg) DQP(g Qc) DC,'DZ'.c *S

14.0 7.35 -4.5 -0 .0 05

VaI uec, zi zr e c r. 1 oDcl t74u & r, t.

-i Li e10c LAJs E}TVT LCDT H 70£
rn/- s de Qda d a y m dec Q e~ rnS:,

1 2.5 -. 003 0.0 00 3. 00 -. 10
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(J. -.E.:..

A. STRATUS FORMAT I ON

,pr m ar.:. ,ca of i .t udy i s t,:,o Ce t erri r; e I r;

condi t ons under wh i ch the c o u r-, ed m de I ,ji I or ec 1 -

stratus formation differern tl- from that of tre uroug PZ::

model The resulI ts of coupled model and urcoupi ed E.L .,.e'

simulations wh i Ch demonstrate this ar e or esert. ,

simulations are i itial ized with an atmospl er -orS 0 : r., .

taken at 1900 local from the CEWCOM-76 d,-ata set. Jr tri

case the wind speed is set to a nearly ccristrt $.O S.- . --

z.rIerma advec t i or to I,. deg.. iav, the m iS tur e s.: e,: •

-1.A Q/R. g/ day, and the subsidence to -0 . Uc-: T, s. -

remainder of atmospheric var iables are left asB o C-er'

dur i nQ the CEWICOM-7. experimer t. The ocean r .i.:.eid .- e - .

iri ial I'/ shaI low at 1 .5 m w ith A temperture j.umc ,c, - -

deg at the base of the mixed layer. The be I,,.' Ia. .

gradient is -8.15 deg/m. The ini tial ./.Uues o tre

variables for these simu 1 at ions are sumrrimar-ized under .-.- "-

of Table I.

For the CASE 1 AE:L modelI s imuIa t ion 'Fi. 41 t E

moderate value of subsidence and the low rate of en tr .i nr,- "n

due to light winds have the combined e+ fect of aecr. easin,_

the height of the inversion over the 24 hour per iod ci4

simulation fr-om 607 m to 438 m. As a r-esult of pc- sit '.e

.3 1

a-c . * a ,. . . . . . .

"'" 3 1:*- - -.
-. r



, . ... . ...... ..-

er m! i .tdvec t :,r tne sk t ecer a- tre s e E a: a e -

ra t.e uc . ' hour
- ' 

Fa:f ter t h e s t Art t he l j a .7 :

ar, i n c r ea se': rate of , e tr c 0 c u r E -S , . :

becomes a f.actor. After 22 hour; of 3.imu1at,:r 17,' -'--

s.o .ar i nsol .at i on i s. rio orier e ,ec t ve .,- ter,.

advecti ron i's ba l.r ced by a r educed sens is,. he.at + u::: .t t,

sea surface., causing the air temperature to become :n.:.,-

at 20.7 deg. Through evaporation at the sea surface and-I a

rel ativel y low rate of entrain mern t the spec it c nu, .

r, creases throughout the course of the simulatio r, fr.om :c.:
g/kg to 12.2 Q/kg. The net effect of the ancreas =no. a r

temperature comb,ned iji th courter irg effect of

humi',iitv iF to r. edu:e the hei ,h t cf the LCOL .rc - -. -'"

Se he1: h t ac r.ox ima telv 2 1 r Above the height of the . e -

and to maintair the slight differ-ence through tre course

the simulation.

The resu t . of the CA.S.E I unc.up, ed .ore 1 u a a. -,

lwhere str.a tus form.itat i on does riot occur-q may be c crr , : .

t he CA""SE 1 coupled model simul ation "FiQ. . I th .

the model i.s initialized in the s ame man er ecer

variations in the sea surface t emperature are .a.k ,::e.,:

influence the AE:L model as c hanes in the ,ce rther

structure evolve.* Thr.ough evaporative and sen-::b I :c, :

a t the aa surface the shal l o,.j mi xed l aer er odes r -k: ,i

allowing the SST to quickly cool after, the s t.ar t of the

simulation (-2.0 degr ees in 12 hours). The cooler ST

................................. ~ - ..... .... ...-...

32 iil..
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-es I. t s -' *, . 4*d'* * ,: a-- . - r r t em c e- r t e-c

r'e .i: t=. in redudU, "  "e= -a.ir temcer mt,.un.e. r- , sm:..nl: . -" -- E
-. . eratue in:rei~e.-n..:- -

fzrst U hours of F.simul .I Ion. The izncre .; S-e, : - . "

humidi ty is iot balranced by ircreasiri air. teme, ar e -. "

the LCL fal ls below the height of the i .r.er :r f=:rm 1n,,. .C

layer of stratus at 11 hours affter i niti li tirI. i.tter

stratus formation the atmospheric 1 aver i-s e., :: . ...

differently by the coupled model. As a result c,+ -':: e-

cool ing at the top of the stratus l,,er the temoer - a

the at,mospher, ic layer rapi, d ly decras--es. - se Er, tr.a, rmert due- .-..-

radiativ....e cooling increases the height of the i rver , e . -n

m ard introduce.s .r,er air , int c , t h e-r -. - c

aesu? _ ino in a =tead- decne se te S--,-e: r:..;:- -.

In the CpSE I model simu atiors, cri t:c. .

t hermal ard moi-sture advection are sel c ted -- whic h. -n t.e

:..se c T the uncoupled ASL mode! main tarin the he n. :. .

LCL -I iQh t I. above that c: the in,..erS ,on , In th e

the coupl ed model , al lows the LCL to fall e u,.

inversion ard -form stratus. The c:r- tca l ri,.tur -

sel-cc-ted thermal arid moi sture va l ues in, t he EE .

simulations may be appreciated b, a compari.son ,, tr, te --

2 simulations. Here the prescribed value of thermal ?r:n

moisture advection are set to 0.0 dee/da ar c 0.

respecti./el , with a 11 other var i ab les reai r, n te ef 5

CASE I.

33t Ii
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r,~~~~~ t n a :o E

In tne tC-EE 2 vEL m e; --. i . ,r Fi:. CtCe E.;nere I -'

. : .O'.i t l..e ther-mal ad,,.v._ectlo ,,,r .- : t lfl ;r re ~.lr .tem.?-.. - --

• :z.':, ,. - irntly'. H' a cc,- .ecur; ,e, n trce LC .i , -" . -- "

irversior, and stratus formation occurs after 4.5 ,our. ::

;imu 1 at io. The ev,,ol ution cf the a tmc:.ner . . - -

predicted by the CASE 2 coupled model simulation ,.o.F .c;

quite similar. Agai r,,the air- temperature decr eases - -

al thoug.h at a gr-eater rate than in the AEL model c _fl, -

stratus forms after 4 hours. The effect of a rc c;

coolng .sea surface temperature i s to cause the f;r,,.: ir.

stratus one time step earlier in the coupled model :. .-e. -

"ddi tional lI because the air temperature 1 . _

-hr. ouhc-j t tse r- , st r ,_ , -u .- r
-i z. tri •C ; . °. .

* Io L-r -. :, t he t;i nl . r e i'a h t c:, t ru LOT.L : . ,r e : :z..ed i cc. e :

mr; lower by t he coupl ed model . fferen-es betee a :I

atmospheric ,/.r iabl e are r el ioibl -e

ir, t e CA:SE 2 r-e u t e e.ect : : ; . . - - - -

T n. not as appa re t a; 1 r the C:S E I resu t .. r, er e -

,ouoied model ,zemonstr.ates -=.In :,_t ,ereres r,:r

uncoupled AE:L model . CIle-a rI y, the rel .tir .,p e.et.'een tr-

LCL and the hei gh t of the inver.si on i.s cr1 tic-a! to n-et.er

or not the coupled model behaves much di:ffer-entl' fr.. t e

uncoupled AEL model

B. WIND SPEED EFFECTS-

The effect of increased ,,ind speed on, the model resu.:

is demonstrated by the CASE 3 simulations. In this case ter.es

-4
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o pre s cr ib ed a rds -ar e ir: r*e Red tu cl i .

r,,,rjle all ,trer ...ar I e .= r MAi r, e ._.rr,

botr the coupled mocel k Fi,. - r,: the unco,, .:

Fiq. ?) simulations the effect of the higher w.njirz- iceec -

to generate greater turbu I ence i n atmosprerc : a...er 7...:r .: -

turn causes a greater rate of ertrai'rment at the :ner S

"This results in the heipht of the inversion ,e-c-E-,:: n

decreased rate compared to the CASE I simulations. - -.

LCL fal l s bel ow the inversi on heiht, after 4 -,our r -

uncoupl ed ABL model , and after 5 hours for the ,coure,_

model, stratus formation occurs. This differs cons i dera:

from the CASt 1 results, where for the ABL mde! et

;for-mat or , did not occur- , arid for- the ou e,_ 7 ,c-

-tratus. formed after Ii hours. The difference E:.e'- .,e

coupled model and uncoupled ABL model CASE - -imu lati on-s are

much less drastic. Even thoIuoh the inreRSed MIf

procluces a more rapid erosi on of the mx ed aver -: c. - -r

the SST to a lower temper ature tha n it, S -E I, te

differences between atmospheric Ia'er quar, ti t :e :re:. "

by the coupled model and the uncoupled AEL model *Ere 1 x: .

The or lv major exception is air. temperature .o'h c h

final value 0.8 deg cooler in the coupled model .sirmula t sr. .

Clearly, the influence of coupling the separate rncc -

more important ir the light wind case where there i s I e -

tendency for the system to be dominated by the effects of

25 -'- .'--



arcg eC tm ;eiccrccirdree te Tr

n4 ; en:: e n t. he ::. _ ":

. OCE A THERPt AL ST U, CT,URE

The effect of a deeper. ce_ m .: ed .:.'r .n t-e , - =s

of the coupled model may be-obser-ved by e::anrir the * SL 4

results. If this c-se the model is iri itita ized th

mixed laver depth of 11.5 m and a 9rradient , eicvJ the r:.e,

i ayer of -0. 15 deg./m. Al 1 other ini tial vari able .-k r -

s.ame a; in CASE . For the c oupl ed mo el simu at cr o .n io.

18) the mixed layer erodes from an initial depth c,: 11.5 .7.

to 13. . m and the ET cool . from 21. 1 . e t' 2 .- deo Z"

15 ho ur s o Esi m u I i t 1 r,. tec .tu Se tre L r rei.. n -Z: " "

h ei ht of th e 1n.-er. r t rat u d -, or Ct +c:r7 .r: -. -

InsolI a t i on i s effiec t iv e inr warm i rig the sea sunr tac n

o r m i n a ha lo I Iw m i x ei I .a'/ e r . v' mh- pte r;c'c'r te - .n

warmed to its niaI -.,,alue of 21.1 e on. The eff+ect ,

deeco er mi ted 1 aver i . to pre,.er t the SST +r ,:, ,r c:

su fficient 1v to reduce the '.ar-minQ r-ate of tIe R trMc0.:er

enough to cause the LCL to fal I bel ow the river s-i or. Te

over.al I resul t is little different from that cbtair ed -r

the CM-SE I uncoupled ABL model r.esul ts wher. e the SET s =ec,

constant . On the other hand, they are qui te di ffer nt trm

the C".SE I coupled model resul ts ,.here the r.ap,,d er-os, or,

the shallow mixed layer. and consequent cooling of th e 'SS

promoted the formation of stratus.

. . . ... .. . .. .



h e!. r r -

-jre -t -c U. 0 1:: r. e . m . r 7- r: - - - - . . . - -

.... e m ixed I.. .... .. n CASE I The"

: .. .L'... , -

becomeni ' .r! tt", cr I y Ies-.t<'' u *. t n t... t= ..- -m de - T ; -

I ~ten eth zn eo I c-u oib ec o. diee i xer- io. a lc,

r ea foundther tcan 30yerm

D. EFFECT OF COUPLING ON THE DEL MODEL

T h e ,'--an tage o r edi c t i r.. the e o I s- - -

cu r--i yW er-* .Mj tr th e modue en !:jc Lemritr a -

resul t c the C. A-E 5 s n u t ic t I' T ce i . -.e

i

im1 th lig ht winds and the samne CEk'CO-Tt scundi nt. a-= Z-u

throu:h 4. The temacrature ann ther-mal adJec.:r r:

Z er o and the ocean nce-d, i s initl ized w h a .5 n. r.

I av-r, det t h an d a beI ow I aver r e .ui, et, -0. 15 deom .n

the case 0± the uncouie ea,' E; L mode I . Te -"e

atmo sher- c var i .abl es a re e t aont c .r t r i ta ier .i rt c e -

cr di t iens throu.hou t the cour ee, trhe vu T r

cool i nig at the sea sur face p r ocerds r throu :h thle n oun- rE

darkness the mixed I *ay.,er erodes to a-depth of 14.1 in. t er

1. hours (-1100 L ) warming by solIar rad iati iS sut1cier

to cause the formation of a shallow (28m) m ix ed l e - -hic

persi sts through the af ternoon unt til erodino to a de, tr- o,-

% 7."

IlL A-
"'*+.( A er' and th- ,,*t B t m .. b .J } z d . . , .. . , rr :



1 t , 1.r.r., ti r, :,s m'f r..p , c. - -, . -r- t t er t IS
- - - - - - -.- . ".

the coupled 1o2e) predicts th for r. e . -o nr1 n
sI:k rta iA tonc. na:ai a beu t tr ce S :t r

I aver a] so acts to ccc t h a I r- t em e r uPr r cu u.

r- d i a t 4 : n a coo - . - de a r.edu e .... _ .e

humi di t -. t, nrouc h an i ncr e Sed r a te ,,t* en tr.Alr Imen- t a t ne

of the a tmospher i c I .zk.v er. The combi ned r-esu 1 t C, t-e-

ed u -- - . e a r- r 1 R t r; nd ' cr e e r t

The mi xed I -.v er er c-, e E t hrc. cjr, 0u t t tre c ou r -

s imu 1 a t i cr, 1wa t hou t thre foc.r.m at i or, o. f at sh,,a 0 1~ rr mi zea i. a

he mo st i.moor tar,t at u r e C the - -i .: c .: - -

ac.i ac at c.n i m u aIr n ocea boundj a ry evc2 u:r -1

ati 1 a t'v to predict the formato cf tr t". . Tte , cra u -

effec t stau frai on has on t he r-a da aRt cr, CU d-

both the tmosoh er i c an d oc e an 1c o u r. i ..-: -

chanQes to air t emper ture an d h uri, di t can r t be .

by the unccupl ed o c e md r: ron ce .e i I r, e

E. RESULTS OF A 72 HOUR SIMULWTIFON.

To obser-'e the response of the coupled and uncoupled "EL

models over longer time peri iods an atmospheric 5.ound rino, f:r.;m

Le .. .....*.-,. ° °. . .•. . . °. ......... N..



c, u~ r S E. . 7--~

tie t.VC M7 1'a a 'eI c o d tO t c. re Er 1: :t - -

initial c:,ondi t;,zfrs ,*.te:£z . , ;s=c......r.. &ir e i . 7.= :::..

this case the a trm os pheric I a yer. i i nr1 t 1 ., C Z SE- -

.i th 1 i ht ..i rd. .5 n. . T ir i l air r, 2. T-- r-, -a-r

temper atur-e-s a-,_r-e much cool er. than i r ore': cu- mo -.

12.0 and 14.0 m re -Ep.e cte ad the IF.F -

hei gh ts ar-e 1 cajer . The ocean mixed 1 aver. is re Iat 1- :

a t 3 0 m w1 t h a b e o ow I a v e r. Q r a d i e n t ot -10.0 e. - -

original C:Ek'CO-78 sounding the air- temper-atur-e ,.- ,

to be only slightl/ lower, than the SST. For thi.= mu, t:r.

the air- temperature is lo .,wer-e,d to 2.0 dec. bel . .:j .-.

sea =ur-face temper atun e j,ji th, the run rpos c ,

difference between equ 1 ibrium st te a-h eec,

coupled and uncoupled ABL model.

1. Da.y 1 ::::

A.s a resul t of the imposed 1 cight ,.iinos entrairme . -

Snefec t e,- e at mi x1_ng War-m upper-air into thie =.ur -

and the effec t of r adi at i ona I co,l i n o i mmedi a telv : ,f,,lr

air. temperatur-e. As the air temperatur-e rapi d)l,., fit' 1 =S tr,e

LCL lowers. and the stratus layer. grows. thi cker. Duriur,, tr:e

first 4 hour.s. of simulation the air. t emper-ature dr op, si

deg and the LCL has fal len f rom 316 m to 17 - m. L, 4 tour-

after the .=tart *sol ar rdiat ion is effect i .e ir, nre, .c 0 1 7

the rate at which the air temperature f al . Consequently,

the height of the LCL is maintained. S:ir, ce the rate o

- . ? .t . ° ri ' . j . . . ....V Y . . V. . .. . . . . . . . .



en tr a- nmernt nearlv ba anc .es -ubsi dence the hei c _h C- 77J e

1 riversi cr, i s. re e iLr. I c o r, an t a n r, o .so , r, , . ,,

th e f i rst Z- 4 hr. cu r t S I l ij a t i , , s e. t -

relatia.-vely Ii h t wind s the evaporat i or rate is. i r-.uf i ci"-"

to counter the introduction of dr:. ' upper-a-.nr in:

atmosphere"s surface layer ari d the Spec I i u,-n , 

decr ea;ses rat+her E teadi I v*. t hr ouorou t trie f r Et E

12 hours after iri tial ization ( 170C, L) sol ar radi atir,

lonQer effective in heatin the atmospher-e ard the air

temper-ature cools rapidly. In response, the LCL fal -,1 C

by the conclusion of the first day is lowered to 46 m,.

The iri tial r espor se of the couled modei ,

i s the same as the uricoupl ed ,- E;,L mc,-:el e.cept ,t .

formation of a .haI 1 ow.u mi.; ed I ayer a consi der atI ,jrm ,,z.: -

the sea surface resul tsi. The warmir, of the sea -u. -

from 14.0 to 15. .2, deci, reduces the rate of, cco r - .

air temper a ur- e and a -S a r esu I t the L ,- remain, r, C ,r e-

dr-opping orl Y to 63.0 m.

2. Day 2

By the secord day of s. i mu l a t i on bo t r; mc,,-, R

reached a near equilibrium state. In t he ca- c, tEe

coupled model (Fi g. 4a) the mixed l ayer eroades, on. to R

depth of 6. 1 m thus main taining a warmer $37 than ti ,e,

case of the uncoupl ed ABL model. The effect of the N,,armer

SST is to maintain a higher average air. temper, atur.e th r,

::-44

that exhibited by the uncoupled ABL model (Fig. 13b) In

% d. "d,



~- r- ~ * ~ * I'W S * -- . . r.- -. . - .-

both ca=_es trne LO r-i e tr '1~ z-,.

- - c':u .r.reEU *. O *;r ,-... t; ..
h e a Ak t _ ,C , ,C -,,r. .S= a. _- .. r e .= t ,-, i_ - ..r - . : +.-. r,, ..:. .- ,

bec-a -e . 'e .. er.age ,: rir a: rr -- - - ""-",

model the LCL falls on 1 y to a height of 44.Ci m ,:mo.red t

23.0 m +or the uncoupled 48L model

3. Dav 3

Duri ng the Day :S simul at ion (Figs.. !. a d 14,.

pattern of Day 2 is nearly repeated. The averae j

temperature in both model-: contirue-=. to decrea=e s :nt .

a thc:ugh the decrease occur.s ata h I gher rate or.

uricoupi ed model . In fact by the compl eti on of the thir.

day -S s i mu l a t i on. . maj or e,..'en has o cu r r.

at 3$. S-m.

EL od e i

n , :c e t hi e Re. .r C: r-

s ur ace, red i ting the oc ur r enc oa rid. In th ,_ s= c;

the coup] ed model the LCL remained vwel I above thre --u r.E-

ill n I e t h i s 'C S.= e ,.' ,1errjori -r -r s E :z e -- F._r : ,- . -

differ-eic-s b et.ieen the coupled a r,, d r o p e= m:Ce.- -- :11

must be noted that the s;imu 1 at i c rs wer-e n-.or ,c ted

r.el t ivel y light wi nd speeds. With on v a _ :_ ht - .

wind speed (4.0 m) and a II other co, ndi t i csr the .:e.

di ffer.ercs ce between the t,o models become r:ecl 1iol * T.e .I I.

higher. wind spe ed prevents the format i on cf c! ,rs;r

shal 1 ol, ocear mixed 'ayer by the coup Ied model . Tu, t..

SST is not appreciably warmed i n an aver aqe sense.. an nio

additional heating is provided to the atmoshere.

41
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Figure 4. CASE 24 H'ur "E:L Model Simnul ation,. S
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-750, INVILINEJ

Li 2

Li

SEfl TEMPtCFHJ -!

fr-.

SPEC HUMl
0

I WIND SPEED
Li

a--

-2.5 MIXED LAyE, DEPTH
Li

a 4 a 12 16 20 24

START TIME IS1900

Fig~ure 5. CASE 1 24 Hour Coupl ed Model i mnu ti c r, .
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INV ILINE]

LD LCL I DHSH)

Li

AIR TEMPI1-L1r?

00-

SPEC HUM1

7.5.

WIND SPEED

0--

MIXED LAYER r.:T:THj
CL
Li

o 4 8 1,2 16 20 24

HOURS PFTER START

STRRT TINlE 151900

Figure 6. CASE 2 24 Ho~ur ASL Model Simnulation.
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INV LIN'

LCLtOASrh;
Li

0
22

AI1R TEMPF>I'E) -

Li

12-

SPEC HU[!
C3 1

10-

WINO SPF:7

1'72 6 20 24 IEDE

HOURS AFTER START
STFRT TIME 151900

F i ur e 8'. C-1 SE 3 24 Ho'ur Co~upl1ed tlode I SirriulI.~t i cr
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LI

22H1
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-- - - - - - - - - - - - - -- - - - - - - - E E

CS ______

~7.5-

cll

:Y2LJ 1 . R EPTH

S0 4 8 12 16 20 2:
HOURS AFTER STPRT

START TIM1E 151900

Fij:ure 9. CASE 3 24 Ho'ur AEL Model Simnulation.
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4'3 --. 
SC( 9 H

200I

-D 1 - AIR TEM'-P(LI*-'

I-.-

SPEC HUMl

2.3 - lWIND SP'EED
2..

/\1ED L9YE?': "

0 8 12 16 2'0 24
HOURS RFTER START
STRRT TIMlE 151900

Fi cjure 10' C:#4tSE 4 24 Hour Coupl ed Model 'ESirru I :t t i or.
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-- 7C INVLLINE] -""

----- _ __ _ _ __ _ __ __-_ LCLfCSH-

50r7 2" L. .... Z...... ...

AIR TEMPIL T

__ _ _ _ _ __ _ _ _ _ _ S E r -C20-jOr

"3 -- ,

L. r351  1 SPEC HUMlii- - ..

WIND SPEED

.XD SPEE

t,.-

-20 -

0 4 8 12 16 20 24

HOURS AFTER START

ST.RT TIME IS1900

Figure 11. CASE 5 24 Hour OBL Model SirUl tatlr,.

49



I NV LLI NE

sco LCL OPS1

Li

AIR- TET

S EA Tr 41

12-

SPEC HUN~

Li 2.5] -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

<4 v NiD' L l

-20 
S0 4 8 1,2 1'6 20 24

HOURS AFTER START
START TIME IS19CO

F.,gr e12. CkAS-E 5i 24 Hour Coupi ed No-delI mru Ii .t 1 on
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__ _ __-_ _ _ __ _ _ _ _ _ INV(LINE)
2-- " --- - - --- LCL I CASH].

w -------- -- --- - " -
- -

- -- --- -- --- -- --

AIR TEMPtL' .

7- SPEC HUM1
t - 2 . 5 -"' "

L7-5 -F M XE LIV

a. .LA. :.

LD

10 0 4 8 1'2 16G 20 24
HOURS AFTER START

START TIME 15500

5Fig~ure 1.3a. CAS3E 672 Hour, ABL Model Simulation, Day
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r 2C0-LCL(ORSH)

AIR TEMP(LV 7

10- SEA TE'NP CF

7.5-

CD 7-

SPEC HUM

7- .5

£ WINO SPEEO

Li 2
CL

S-25- MIXEO LF-YEF? .TH

1'2i 2s 2

F i gure I .3b. CASE 6 72 Hour A BL tMIo d e I ~i mu I .t ,r n
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4C 0 -.

IR TLE)~iIE

Li i

741.5-

7.5-,

tfl WIND 5"3

Li

0 4 8 12 16 20 24
HOURS AFTER START

START TIMlE 15500

Fi gure 13: . CASE 6 72 Hour H'E-L MoelEimu I at t



___----------------------------__ SA TEM~7 ":El

SPEC HUF

7.1

-25- MIXED L': CEF

Li

HOURS AFTER START
START TIME 15500

F i ur e 14a. CA-SE 6 72 Hour Cocup Ied Mode I S mu) z tor. .t
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r INV (LINE]

---- LCL[ORSH)

20

I.- ISAIR TEMPIWE)

_______________SEA TEM1PIOflSH)

SPEC HUM

uL 25I_ _ __ _ _

.MIXED LAYER 0DW.TH
L I

HOURS AFTER START

START TIME 15500

Figjure 14b. CASE .6 72 Ho'ur- Coupled Model S irnula t i r, . C

55



I f (LT'

- --- --------- A0
S201

"'P TE' DASH I

7- I.. EC HL"!

0

7j .5
c-n

STAR TIME1550

Fiur 14 I AE67 orCu, dMdlSmlR o ,i



I! . ':::t*.jc:
C• ON C L

~I t houcQh t ne examrpi cis di scussed i r ti i S st u d -v !er e

sci ecrted to emphasi ze mnaj.or- di fferences i n the re s po nEe

the coup]led model compared to that o4f t he urnicoup ed ~EL

mace I under mcs t c ommor I .'occ urr ri rig c or,.. d t ' oris dx if er r,

are mi nor, arnd there is 1littl1e ad,,ars ta;e t te redc 1

akb. I ± ty of the coupl ed model over that of the urcou&" e.: -E

model. Th e con s iderablIe e+ffor t requ ired to dcef ine 7hc

r'ni t i a]I condi t ions under vwh ich maj or di ff er-erces occur, seemsE

tc' bear th is ou t. In a dd i t i n unrc e rta -:1es an

pr aol: r ec; v j -E-s ot (.)Ind S Ce ed SUDS =7 u - er-. 7:~ .~

e~~ or .m a r

adv.,ec t a on *and mci stir e advec, te r a v ~

inflIuence on the predic tive abi I i tv of t he c o UpE c4 TI-

than anv advan tages gainred thrc.u h c. i .C-.

:netdeaBl of e-ffort has te,-en e:<pended ,:. n te :'e ~

t he AEL mode]I i n por- t ra- x. no a as a c cura :ktely k ais;

many physi cal factors invi.,olv%,ed i n the evu t in . -

a mospher c I ayer . The iic 1 u.s i on of the c apati

provide ocean forc ing inr the model a s ,or- t hwh i 1e on r;

ba s is a Ion e.

Condi tions under whichor d i fdfere-nc es. may- be ob sere

between the coupled and uncoupled ELmodel are .ammr nez

as foll1ows:

57
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t i s s t h it,:0 :Ts 7, l:

a e r =-, ,trr ;er- i.i rd te rjn s a :v r'n r ee TO: 7, 3-

*influence of charnges i n S$S7.

2. The formation or stratus may be Predicted tetter

I

the c ouP Ied model i .n t hose cases where the LCt m r

hei eh t sI I Qh t 1 y above the i river s i or Urders c. .e, -,:, _ -"

fluctuations in SET carn be cri tical.

3. Di fferenices may be mocre sinri i cant- where "ne c

.mixed I ayer i sha low vi th a. stree. r ai er ,t -

l ayer. Rapid decreases in S3T may occur urid, e re

p .

cLond11i t Jors wc h c an rave a tr, 0 f4 rigc r- -- -e

*evol t o r: c9 th e a tmo-E ch er c C I er

4. 3 oer t te rm zai n r, csan, aS 7n i: R , e-

effect on the formation of fog when a low .k -ltItjd etr-,u"

I ay..e r Air ae exist Xs. In model iiouc I 5CS . ,.-:4 - - -

moluoou ca r, dem n ST r g nirca *i er c r s-

* modelI

j;i though under mos t condi t 1 ons the benef cf

*to the AEL model may be minors this is rot the cas e r-

I

L model. The predictive abi itv of the GEL model M a., :-

enhanced sigon if i cantly through couping. whrer e a

physi-caly accurate por. t r ayal I of the at m jo er tM:e r +

driving the GEL may be ac h eived. Real istic model1 ifrQ Ig

*radiation and latent and sensible h ea.t fluxes over- shor t

time scales can be provided to the DEL modelI i.n nro othLI er
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'~~'* -ii dercstr~td , h' - 4.~ - .':..L

s.., a u s ora.,rta:k ri iS n r c -d , ed t- te e4 EL - T,,

i r the absence of sn.:re SUP.r t or. ,:.r . r : ,

term or-ediction, the coupled model mufl +:- ers-a=T, . .

single station assessment and prediction ca pci . -

coupled model also has the potential to become --... :-

t nool for the s t u dy of process.- i n.leo I e, d r r

interac ior., A.s an exampI, the model could be u.e.n

study of air-sea processes impact i n.g air in- - -E

transformations, as in the case ot cold air outbrea.s s ...r

warmi tropi cal waters. Further studies of the node

aabite s s ho ulId inricIu de -.,er ifikat ion acaits r:kC

data set w. )here the eff-c c t -s aof ad,.,,ec tI on and ec -- -

are akt a minimum. The data set snoc.u I d i rc U . -e

condi tions, as pointed out., which provide th e crs.t.

i kel i-hooc f shc'wino major di4ferences :r. - -

te c ou p Iec mnodelI versu S t n t o-f tree *unccucied EL

mode I s.
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